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Physical  p rope r t i e s  of the i n t e r s t e l l a r  

medium a r e  d iscussed ,  with p a r t i c u l a r  

re ference  t o  the  spectroscopy and the  

chemical i d e n t i f i c a t i o n  of i n t e r s t e l l a r  

d u s t .  



1. INTRODUCTION 

The m a t e r i a l  i n  t h e  r e g i o n  i n t e r v e n i n g  between t h e  s t a r s  comprises a  
- 16 vacuum comparable t o  10 t o r r ,  a  vacuum t h a t  i s  u n a t t a i n a b l e  i n  t h e  

l a b o r a t o r y .  Desp i te  t h e  f a c t  t h a t  t h e  d e n s i t y  of i n t e r s t e l l a r  m a t t e r  

i s  exceed ing ly  low, t h e  cor responding ly  l a r g e  i n t e r s t e l l a r  volume 

c o n t a i n s  s u f f i c i e n t  d u s t  and g a s  such t h a t  i t s  t o t a l  mass is  comparable 

t o  the mass associated w i g h  khef R £  fha s fara ,  S p e c i f i c a l l y ,  from the 
1 2 

work o f  Oort  and G l i e s e ,  based on dynamic c o n s i d e r a t i o n s  of our ga laxy ,  
- 3 

t h e  d e n s i t y  of obse rvab le  s t a r s  i s  1.5 n  cm , t h e  d e n s i t y  of obse rvab le  
- 3  

i n t e r s t e l l a r  gas and d u s t  2 . 1  n  cm ; and,  s i n c e  t h e  t o t a l  d e n s i t y  i n  
- 3 t h e  g a l a c t i c  p lane i n  t h e  neighborhood of t h e  sun  i s  6 . 1  n  cm , a  

- 3 
d e n s i t y  o f  2.5 n  cm is  s t i l l  unaccounted f o r  (where n  i s  t h e  d e n s i t y  

of hydrogen a toms) .  

Of a l l  t h e  i n t e r s t e l l a r  m a t t e r ,  by f a r  t h e  most abundant element i s  
, 

n e u t r a l  hydrogen. However, o t h e r  atoms a s  w e l l  as molecules have been 

i d e n t i f i e d .  The b a s i c  t o o l  by which as t ronomers  have been a b l e  t o  

i d e n t i f y  g a s  atoms and molecules  has  been emiss ion  and a b s o r p t i o n  

spec t roscopy .  A comparison of i n t e r s t e l l a r  a b s o r p t i o n  s p e c t r a  w i t h  

t h a t  ob ta ined  i n  t h e  l a b o r a t o r y  r e s u l t s  i n  an  unambiguous i d e n t i f i c a t i o n  

of t h e  chemicals invo lved .  Moreover, t h e  Doppler f requency s h i f t  of 

t h e  l i n e s  p rov ides  v e l o c i t y  d e t e r m i n a t i o n s  o f . t h e  g a s  c louds  i n  t h e  

i n t e r s t e l l a r  r e g i o n .  

/ 
I , 

The s p e c t r o s c o p i c  t echn ique  c o n s i s t s  of choosing a  d i s t a n t  s t a r  f o r  t h e  

background r a d i a t i o n  and t h e n  scanning (as  a  f u n c t i o n  of wavelength)  

t h i s  continuum r a d i a t i o n  whereby a b s o r p t i o n  l i n e s  appear  t h a t  c h a r a c t e r i z e  

t h e  m a t e r i a l  c o n s t i t u t i n g  i n t e r s t e l l a r  medium. Those s t u d i e s  have 

s u c c e s s f u l l y  been a p p l i e d  i r y t h e  v i s i b l e  r e g i o n  a n d ,  d u r i n g  t h e  l a s t  16 

y e a r s  o r  s o ,  were extended t o  t h e  microwave r e g i o n  where t h e  hydrogen 

atom and r e c e n t l y  (1963) t h e  OH r a d i c a l  were i d e n t i f i e d  a t  2 1  cm and 

18 cm r e s p e c t i v e l y .  (See Tab le  1 f o r  a  compi la t ion  o f  i d e n t i f i e d  



i n t e r s t e l l a r  atoms, molecules,  and the  wavelength involved.) Whereas 

the  l i n e  widths of atoms and molecules a r e  exceedingly sharp ,  allowing 

t o r  v e l o c i t y  d ispers ion  (Doppler s h i f t s  of the  order  of 0 . 0 3 2 ) ,  a s e t  

of d i f f u s e  l i n e s  a r e  a l s o  observed, charac te r ized  by l i n e  widths 

extending from 2 2  t o  roughly 802. Astronomers be l ieve  t h a t  t hese  

l i n e s  a r i s e  from absorpt ion wi th in  the  i n t e r s t e l l a r  g ra ins  o r  d u s t ,  

although the re  i s  one o ther  mechanism3 by which a  wide l i n e  can be 

obtained from a  gas molecule; namely, p red i s soc i a t ion .  (See Table 2 

fo r  an  abbreviated l i s t  of suggested hypotheses f o r  the  o r i g i n  of t hese  

i n t e r s t e l l a r  l i n e s . )  This  w i l l  be discussed i n  more d e t a i l  i n  Sec t ion  3. 

However, the  cosmic abundance of t he  elements (Table 3 )  does not 

correspond t o  t he  observed i n t e n s i t i e s  of the  i n t e r s t e l l a r  l i n e s .  The 

reason i s  t h a t  most of the elements such a s  hydrogen, oxygen, and 

n i t rogen  have t h e i r  s t ronges t  absorp t ion  l i n e s  i n  the  - inaccess ib le  

u l t r a v i o l e t  reg ion .  Here l i e s  t he  crux of our present  dilemma: Present -  

day astronomy i s  handicapped by the  e a r t h ' s  atmosphere which absorbs uv 

r a d i a t i o n  below 31008, a s  we l l  a s  reg ions  i n  t he  i n f r a r e d .  It i s  

a n t i c i p a t e d  t h a t  a  lunar-based observatory or  an o r b i t i n g  astronomical  

s a t e l l i t e  w i l l  provide the  means f o r  observing i n t e r s t e l l a r  l i n e s  i n  

these  important wavelength regions.  It i s  a  r e l a t i v e l y  s a f e  s ta tement  

t h a t  a  g r e a t  d e a l  of a d d i t i o n a l  information on the  i n t e r s t e l l a r  medium, 

and p a r t i c u l a r l y  i n t e r s t e l l a r  d u s t ,  w i l l  r e s u l t  a s  soon a s  t hese  new 

techniques become a v a i l a b l e .  

,,-- 
2 .  INTERSTELLAR MOLECULES 

i 

4- 
As seen from Table 1 ,  the molecules C H ,  CH , and CN have been i d e n t i f i e d  

o p t i c a l l y 4  a s  e a r l y  a s  1940. The molecule OH was iden t i f i ed5  i n  1963 

a s  a  r e s u l t  of e a r l i e r  labora tory  p rec i s ion  measurement on OH by Townes 
6 

1 

and h i s  group a t  Columbia u n i v e r s i t y  (1959). Such p rec i s ion  labora tory  

measurements f a c i l i t a t e d  the  formidable astronomical search f o r  these  

absorp t ion  f ea tu re s .  We w i l l  not dwell  on the  very exc i t i ng  recent  

r e s u l t s  of maser- l ike emission from these  OH l i n e s .  In s t ead ,  we wish 
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t o  qraw a t t e n t i o n  t o  t h e  important  r o l e  t h a t  t h e s e  molecules p lay  i n  

r e l a t i o n  t o  i n t e r s t e l l a r  d u s t .  Th i s  i n  t u r n  i s  connected w i t h  t h e  

o v e r a l l  problem of t h e  o r i g i n  of t h e  d u s t  a s  w e l l  a s  t h e  molecules .  

There  obv ious ly  h a s  t o  be a  continua,l'?ormation of t h e s e  molecules  i n  

t h e  i n t e r s t e l l a r  medium s i n c e  t h e  dia tomic molecules  a r e  r a p i d l y  

d i s s o c i a t e d  by t h e  i n t e r s t e l l a r  r a d i a t i o n  f i e l d .  For example, t h e  
4 

mean l i f e  of CH a g a i n s t  d i s s o c i a t i o n  i s  4 x 10 y e a r s ,  w h k h  is  r a ~ h e r  

s h o r t ,  a s t r o n o m i c a l l y  speaking.  Of a l l  t h e  t h e o r i e s  t h a t  have been 

cons idered  on t h e  f o r m a t i o n ' o f  t h e s e  molecu les ,  i n c l u d i n g  r a d i a t i v e  

a s s o c i a t i o n ,  fo rmat ion  on g r a i n s ,  and fo rmat ion  from polyatomic molecules ,  

i t  seems t h a t  t h e  g r a i n s  p l a y  a n  important  r o l e  i n  a l l  t h e s e  p o s s i b l e  

p r o c e s s e s .  For  example, a  t h i r d  body i s  n e c e s s a r y  t o  t a k e  up t h e  excess  

i n  k i n e t i c  energy ,  o r  a s  a  s i t e  on which p ro tons  o r  n i t r o g e n  atoms can 

combine w i t h  ca rbon ,  o r  p o s s i b l y  a s  t h e  o r i g i n  of t h e  molecules them- 

s e l v e s  due t o  b reak  up of t h e  hydrocarbon g r a i n  s t r u c t u r e .  The l a t t e r  

h y p o t h e s i s  is  favored a s  a  r e s u l t  of t h e  model proposed i n  S e c t i o n  3 .  

I n  any e v e n t ,  t h e  p resence  of d ia tomic  molecules  c o n t a i n i n g  carbon a s  

.was sugges ted  by Herbig may be a h  important  c l u e  t o  t h e  p o s s i b l e  

i d e n t i f i c a t i o n  of i n t e r s t e l l a r  d u s t .  For a more r e c e n t  d i s c u s s i o n  on 

t h e s e  t o p i c s ,  s e e  Ref.  7 .  

3 .  INTERSTELLAR DUST 

Astronomers have long been aware of t h e  s i g n i f i c a n t  r o l e  t h a t  t h e  i n t e r -  

s t e l l a r  d u s t  p l a y s  i n  our galaxy.  It m a n i f e s t s  i t s e l f  by obscur ing t h e  

l i g h t  emanating from s t a r s ,  by s c a t t e r i n g  and caus ing  t h e  s t a r s  t o  look 

r e d d e r ,  and by p a r t i a l  a l ignment  of t h e  d u s t  g r a i n s  i n  t h e  i n t e r g a l a c t i c  

magnetic f i e l d  caus ing  some of t h e  s c a t t e r e d  s t a r l i g h t  t o  be p o l a r i z e d .  

It is  p o s t u l a t e d  t h a t  t h e  observed d i f f u s e  a b s o r p t i o n  l i n e s  a r e  a s s o c i a t e d  

w i t h  t h e  i n t e r s t e l l a r  g r a i n s ,  s i n c e  t h e  s t r e n g t h  o f  t h e s e  d i f f u s e  l i n e s  

can  b e  c o r r e l a t e d  w i t h  t h e  amount of i n t e r s t e l l a r  reddening.  A summary 

o f  t h e  p h y s i c a l  p r o p e r t i e s  of d u s t  i s  shown i n  Tab le  4 .  
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A more complete in t roduct ion  i n t o  the  genera l  p rope r t i e s  of i n t e r s t e l l a r  

dus t  can be obtained from Refs ,  8-14. Studies  of t h e  wavelength 

dependence of reddening and po la r i za t ion  a r e  f requent ly  used i n  ass igning  

models for  the  dus t .  However, t he  d i f f u s e  i n t e r s t e l l a r  l i n e s  a r e  by f a r  

our besc c lues  f o r  the  i d e n t i t y  of the  major component of t he  i n t e r s t e l l a r  

d u s t .  Theories on the o r i g i n  of the d i f f u s e  i n t e r s t e l l a r  l i n e s  a r e  

l i s t e d ,  by au tho r ,  i n  Table 5 .  Meanwhile, t h e  number of observed d i f f u s e  

Lines i s  s t e a d i l y  i n ~ ~ a ~ w i n g ,  l a ~ g e l y  as a r e s u l t  of  Herbig 's  Lmpressive 

e f f o r t s  i n  searching f o r  such l i n e s  (25 t o  d a t e ) .  A l i s t  of 17 of them 

kindly suppl ied by Herbig i n  1963 i s  shown i n  Table 6.  An examination 

of t hese  i n  terms of wavenumbers showed t h a t  some of t he  l i n e s  could be 
- 1 

arranged t o  e x h i b i t  d i f f e r ences  which were mul t ip l e s  of 228 cm . This  

led t o  the  suggest ion t h a t  the  o r i g i n  a£ the  l i n e s  were r e l a t e d  t o  

v ib ron ic  t r ans  i t i o n s  . l4 A very thorough search  was the re fo re  begun 

f o r  hydrocarbons o r  r e l a t e d  compounds which would f i t  t he  astronomical  

s p e c t r a .  

The reason fo r  concent ra t ing  on hydrocarbons was based l a r g e l y  on s t e l l a r  

abundances and the  exis tence12 of molecules such a s  CH and CN i n  t he  

i n t e r s t e l l a r  medium, which suggested the  p o s s i b i l i t y  t h a t  carbon might 

p lay  an  important r o l e .  Meanwhile, t he  g raph i t e  hypothesis  has received 

a  g r e a t  d e a l  of a t t e n t i o n .  However, no absorp t ion  l i n e s  could be 

ascr ibed  t o  g raph i t e  o r  ice-coated g raph i t e  par ' t i c les .  It i s  poss ib l e  

t h a t  t he  proposed hydrocarbons might be assoc ia ted  wi th  g raph i t e ,  though 

t h i s  need not neces sa r i l y  be so .  I n  se8&hing fo r  hydrocarbons, a t t e n t i o n  

was given t o  such systems a s  t he  conjugated polyene s e r i e s  and o ther  dyes 

t h a t  absorb i n  the v i s i b l e  reg ion .  An examination of t he  i n t e r s t e l l a r  

l i n e s ,  however, r evea l s  these  a d d i t i o n a l  c lues :  l- 
f 
ks 

a .  A l a rge  number of l i b e s  appear i n  the  red reg ion  of the  spectrum. F- 
b e  The s t ronges t  of the l i n e s  occurs a t  4430i. The spec t r a  i s  

L 
t he re fo re  very s i m i l a r  t o  t h a t  found i n  porphyrins ,  a  l a rge  rn 

family of organic compounds whose p rope r t i e s  have been ex tens ive ly  
i 8 

0 
L 

s tudied  f o r  many years (but not  neces sa r i l y  a t  4 K ) .  
PI" 
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The s t r o n g e s t  l i n e  a t  4430a i s  ve ry  s u g g e s t i v e  of t h e  S o r e t  band. The 

chemis t ry  of t h e  porphyr ins  a s  w e l l  a s  t h e  s p e c t r a  a r e  r e a d i l y  s e e n  t o  

have some of t h e  d e s i r e d  p r o p e r t i e s .  

The bands o f  t h e  porphyr ins  a r e  v e r y  s t r o n g ,  corresponding t o  s i n g l e t  
.'- 

7'1' t r a n s i t i o n s ;  fu r the rmore ,  s t u d i e s  of d ichro i sm have shown t h a t  t h e  

d i p o l e  moments of t h e s e  t r a n s i t i o n s  l i e  i n  t h e  plane o f  t h e  t e t r a p y r r o l e  

s t r u c t u r e .  The Safer and long wave ban18 are i t ~ t e r p r e t d  in terms oE 

coupl ing  o f  t h e  o r b i t a l  magnetic moments of t h e  e x c i t e d  e l e c t r o n  and i t s  
:'i 

unexc i ted  p a r t n e r .  The lowest  TT t r a n s i t i o n  invo lves  a  change i n  

o r b i t a l  quantum number from 4 t o  5 .  Among t h e  d e s i r a b l e  chemical  

p r o p e r t i e s  o f  t h e  porphyr ins  a r e  t h e  f a c t  t h a t  some can be hea ted  t o  
0 

t empera tu res  of t h e  o r d e r  of 500 C w i t h o u t  d i s s o c i a t i o n .  I n  f a c t ,  some 
I 

porphyr ins  sublime and r e c r y s t a l l i z e  a t  t h e s e  h igh  t empera tu res .  It 

i s ,  i n  f a c t ,  t h e  s t a b i l i t y  of t h e  porphyr ins  and t h e  f a c t  t h a t  t h e y  a r e  

s t r o n g l y  coupled r e s o n a n t  s t r u c t u r e s  which makes t h e i r  c h o i c e  f o r  t h e  

s e l e c t i o n  f o r  t h e  i n t e r s t e l l a r  d u s t  c a n d i d a t e s  a t t r a c t i v e ,  s i n c e  one 

can v i s u a l i z e  t h e  fo rmat ion  of t h e s e  porphyr ins  i n  a n  atmosphere o f  

hydrogen,  ca rbon ,  and n i t r o g e n  a t  t empera tu res  corresponding t o  t h e  

400 - 5 0 0 ' ~  o r  p o s s i b l y  h i g h e r .  T h e i r  s u r v i v a l  i s  favored over  t h e  

o t h e r  l e s s  s t a b l e  compounds formed i n  a  random p r o c e s s .  

The a b s o r p t i o n  f r e q u e n c i e s  a r e  v a r i e d  by adding v a r i o u s  appendages o n t o  

t h e  b a s i c  s k e l e t o n  s t r u c t u r e  of the .  porphyr in  molecule .  A s y s t e m a t i c  

s e a r c h  o f  t h e  a p p r o p r i a t e  a b s o r p t i o n  bands f o r  hundreds o f  p o s s i b l e  

v a r i a t i o n s  o f  t h e s e  porphyr in  compounds does indeed g i v e  s t r u c t u r e s  

whose a b s o r p t i o n  bands correspond c l o s e l y  t o  those  of t h e  i n t e r s t e l l a r  

l i n e s .  

3 . 1  EXPERIMENTAL DATA 

A c o m p i l a t i o n  of t h e  main a b s o r p t i o n  l i n e s  of t h e s e  porphyr in  compounds 

i s  g iven  by Falk .15 The l i n e s  o f  c h l o r o p h y l l  c  a t  44408, 58002 and 62802 
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s t a n d  o u t  both  a s  t o  wavelength and i n t e n s i t y  r a t i o s  i n  comparing them 

is~i th  t h e  observed i n t e r s t e l l a r  l i n e s .  Note t h a t  t h e  a b s o r p t i o n  l i n e s  

r e s u l t  from d i p o l e  t r a n s i t i o n s  i n  t h e  p lane  of t h e  t e t r o p y r r o l e  "head" 

of t h e  chlorophy 11 molecule .  A hydrocarbon ( p h y t y l )  " t a i l "  a t t a c h e d  t o  

the  molecule  c o n t r i b u t e s  no th ing  t o  t h e  v i s i b l e  a b s o r p t i o n  spect rum.  

More d e t a i l e d  d i s c u s s i o n  on t h e  chemis t ry  and s t r u c t u r e  of t h e s e  compounds 

i n  r e l a t i o n  t o  t h e  i n t e r s t e l l a r  d u s t  w i l l  be pub l i shed  e l sewhere .  

Meanwhile, exper imenta l  t r a n s m i s s i o n  measurements were  under taken  on 

some of t h e s e  compounds a t  low tempera tu res .  F i g u r e s  1 and 2  g i v e  our  
0 

p r e l i m i n a r y  r e s u l t s  on c h l o r o p h y l l  a  and b  t aken  a t  77 K.  Note t h e  

d o u b l e t  a t  47008. I n  a d d i t i o n  t o  t h e  c h l o r o p h y l l  molecule ,  o t h e r  c l o s e l y  

s t r u c t u r a l l y  r e l a t e d  compounds, such a s  t h e  haem a 2  molecule  and c y t o -  
1 6  

chrome 5, e x h i b i t  a b s o r p t i o n  s p e c t r a  a t  abou t  44308, 62808, and 40002 

i n  i n t e n s i t y  r a t i o s  which approximate t h e  i n s t e l l a r  l i n e s .  

3 .2  THE INTERSTELLAR DUST AND LABORATORY DATA 

F i g u r e  3  shows t h e  major i n t e r s t e l l a r  l i n e s ;  n o t  shown a r e  t h e  f a i n t e r  

and r e l a t i v e l y  s h a r p e r  d i f f u s e  l i n e s .  The l i n e s  were d iv ided  a r b i t r a r i l y  

i n t o  two g roups ,  one c o n s i s t i n g  of t h e  w i d e s t  d i f f u s e  l i n e s  (whose wid th  

v a r i e s  from 40 t o  abou t  80g) and t h e  s t r o n g e r  b u t  somewhat narrower  l i n e s  

compris ing t h e  well-known 44288, 62842, and 66'13g l i n e s .  T h i s  f i g u r e  

c o n t a i n s  some new unpublished r e s u l t s  t h a t  were  s u p p l i e d  by G .  H.  Herb ig ,  

p a r t i c u l a r l y  t h e  d o u b l e t  4726 and 47632 l i n e s ,  which o r i g i n a l l y  had been 

thought  t o  be  a  s i n g l e  f e a t u r e  a t  47608. The v e r y  wide d i f f u s e  l i n e s  

around 40008 a r e  s o  f a r  on ly  t e n t a t i v e l y  i d e n t i f i e d  a s  i n t e r s t e l l a r  l i n e s .  

I f  c o r r e c t ,  t h e i r  p resence  would p l a y  a n  impor tan t  r o l e  i n  t h e  i d e n t i -  

f i c a t i o n  of  t h e  i n t e r s t e l l a r  d u s t .  The arrows i n d i c a t i n g  l a b o r a t o r y  

s p e c t r a  r e p r e s e n t  major porphyr in - type  molecu la r  components i n c l u d i n g  t h e  

porphyr in  molecule  i t s e l f  (whose S o r e t  a b s o r p t i o n  band is  c e n t e r e d  around 

40008),  t h e  haem-type molecu les ,  and v a r i o u s  v a r i a t i o n s  of t h e  c h l o r o p h y l l  

molecule--- p a r t i c u l a r l y  c h l o r o p h y l l  c ,  
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These ass ignr~rents  a r e  a s  y e t  p re l iminary  and incomplete .  Some of t h e  

f a i n t e r  i n t e r s t e l l a r  l i n e s  n o t  shown i n  F i g .  3 might be  ass igned  

v i b r o n i c  t r a n s i t  ions  i n  a d d i t  ion t o  p o s s i b l e  s m a l l  chemical  v a r i a t i o n s  

o f  t h e  b a s i c  porphyr in  molecule.  

4 .  DISCUSSION: LINE WIDTHS 

I n  a d d i t i o n  t o  matching t h e  wavelengths of t h e  l a b o r a t o r y  s p e c t r a  w i t h  

t h e  i n t e r s t e l l a r  l i n e s ,  one v e r y  important  c r i t e r i a  s t i l l  has  t o  be 

met;  namely, matching l inewid ths .  Here one f i n d s  t h a t  l i n e w i d t h s  a r e  

indeed comparable,  provided t h e  porphyr ins  a r e  s i t u a t e d  i n  a p p r o p r i a t e  

m a t r i c e s .  

~ e r s o n o v l '  h a s  succeeded i n  o b t a i n i n g  low-temperature s p e c t r a  of a  

p a r t i c u l a r  group of porphyr ins - - the  phyhalocyanines--  by embedding them 

i n  a  m a t r i x  of p a r a f f i n s  us ing t h e  Shpol 'skii  method. la R e l a t i v e l y  

s h a r p  l i n e s  a r e  e x h i b i t e d  us ing t h i s  t echn ique .  H i s  paper ,  i n c i d e n t a l l y ,  

does indeed p o i n t  t o  a  v i b r a t i o n  f requency of 229 wavenumbers. It 

should a l s o  be mentioned t h a t  no one has  s o  f a r  succeeded i n  embedding 

c h l o r o p h y l l  o r  haem molecules  i n  a n  i n e r t  m a t r i x  us ing  t h e  Shpol 'skii  

t echn ique .  Hence t h e  p r e c i s i o n  of t h e  matching o p e r a t i o n  does n o t  

q u i t e  u t i l i z e  t h e  h i g h  p r e c i s i o n  wi th  which t h e  i n t e r s t e l l a r  l i n e s  a r e  

measured. Allowing f o r  t h e  f a c t  t h a t  t h e r e  a r e  i n t e n s i t y  v a r i a t i o n s  i n  

t h e  r a t i o s  of t h e  i n t e r s t e l l a r  l i n e s ,  s a t i s £ a c t o r y  agreement can be 

ob ta ined  between both  t h e  p o s i t i o n  o f  t h e  l i n e s  and t h e  l a b o r a t o r y  

i n t e n s i t y  r a t i o s  t o  a f i r s t  o rder  approximat ion,  a s  i n d i c a t e d  i n  F i g ,  3 .  

Figure  4 shows a  schemat ic  diagram of t h e  c h l o r o p h y l l  molecule ,  ind ic .a t ing  

t h e  two s p e c i e s  a  and b. 

The d i f f i c u l t i e s  a s s o c i a t e d  wi th  l a b o r a t o r y  s p e c t r a  need some emphasis. 

The a b s o r p t i o n  measurements of t h e s e  porphyr ins  a r e  s e n s i t i v e  t o  t h e  

s o l v e n t s ,  pH c o n c e n t r a t i o n ,  t empera tu re ,  and t h e  environment i n  which 

t h e y  e x i s t .  Consequent ly ,  one could hypothes ize  t h a t  i f  t h e  porphyr ins  
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c ~ n s  t i t u t e  t h e  major c o n s t i t u e n t s  of t h e  i n t e r s t e l l a r  g r a i n s ,  t h e  

environment i n  which t h e s e  porphyrir ls  e x i s t  can be a s c e r t a i n e d  by a n  

a t t e m p t  t o  match t h e  i n t e r s t e l l a r  l i n e s  t o  f 0 . 5 g .  T h i s  i s  a  t a l l  o r d e r  

s i n c e  i f  one were t o  match t h e  s i z e  d i s t r i b u t i o n ,  f o r  i n s t a n c e ,  o f  t h e  

i n t e r s t e l l a r  g r a i n s  cm), t h e n  s c a t t e r i n g  would become a  s e v e r e  

e x p e r i m e n t a l  problem. S ince  no "g lass"  o r  s o l u t i o n  remains  l i q u i d  a t  
0 4 K ,  i t  i s  d e s i r a b l e  t o  use  s i n g l e  c r y s t a l  porphyr in  compounds. 

U n f o r t u n a t e l y ,  t h e s e  a r e  not  commercial ly a v a i l a b l e .  A l a r g e  number 

o f  p o r p h y r i n  compounds need t o  be s t u d i e d  under a  v a r i e t y  o f  c o n d i t i o n s  

b e f o r e  f i n a l  judgment on unambiguous molecu la r  ass ignments  can  be made. 

5 . PREDICTIONS 

I f  indeed t h e  ass ignments  of porphyr i n  compounds i n c l u d i n g  c h l o r o p h y l l -  

l i k e  compounds o r  haems a r e  c o r r e c t ,  t h e n  one cou ld  p r e d i c t  a d d i t i o n a l  

l i n e s  i n  t h e  i n f r a r e d  cor respond ing  t o  1610,  1652,  1690,  1730,  2720, 
- 1 

and 3360 cm . I n  a d d i t i o n ,  we know t h a t  t h e s e  compounds f l u o r e s c e  

under a p p r o p r i a t e  c o n d i t i o n s .  These f l u o r e s c e n t  l i n e s  would be p o l a r i z e d  

and should  occur  i n  t h e  r e g i o n  between 6000 and 80008--in p a r t i c u l a r  a t  

6530, 6930,  and 7950x. Also ,  some broad a b s o r p t i o n  l i n e s  which a r e  s e e n  

i n  c h l o r o p h y l l  a t  about  3900X and 4200% should  be looked f o r  i n  t h e  

d i f f u s e d  i n t e r s t e l l a r  bands.  These compounds would a l s o  be confirmed 

i f  i n t e r s t e l l a r  uv a b s o r p t i o n  d a t a  became a v a i l a b l e .  Once t h e  major  

component o f  t h e  i n t e r s t e l l a r  d u s t  i s  i d e n t i f i e d ,  checks on d u p l i c a t i n g  

t h e  wavelength  dependence of t h e  e x t i n c t i o n  curves  should  b e  c a r r i e d  

o u t  bo th  e x p e r i m e n t a l l y  and t h e o r e t i c a l l y .  Following van de  H u l s t ,  
19 

t h e  e x t i n c t i o n  c r o s s  s e c t i o n  is  g i v e n  f o r  a  homogeneous s p h e r e  by:  
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where 
X = 277 cr/X 

N = r a d i u s  

A = wavelength 

m = complex r e f r a c t i v e  index 

= cross  s ec t ion  divided by T n! 
2 

Qex t 

S imi la r  checks on t h e  wavobengkh dependence. a£ t h e  p a l s r i % o d  scattared 

l i g h t  a l s o  should be c a r r i e d  ou t .  The aforementioned t e s t s  would show 

whether t he  s c a t t e r i n g  media t h a t  gives r i s e  t o  reddening and the  g ra ins  

assoc ia ted  with the  d i f f u s e  l i n e s  a r e  one and the same p a r t i c l e s .  

6 .  CONCLUSIONS 

A b r i e f  i n t roduc to ry  survey of t he  i n t e r s t e l l a r  ma te r i a l  was presented.  

The main emphasis i n  t h i s  paper i s  on the  chemical c h a r a c t e r i z a t i o n  of 

the i n t e r s t e l l a r  dus t  by means of absorp t ion  spectroscopy. The porphyrin 

type molecules seem t o  hold the  bes t  promise of being ab le  t o  match the  

observed i n t e r s t e l l a r  d i f f u s e  l i n e  s p e c t r a .  Some experimental r e s u l t s  
0 

taken a t  7 7  K a r e  presented. Although the  case  fo r  porphyrins has not 

been proven conclus ive ly ,  the evidence obtained s o  f a r  is  very suggest ive 

t h a t  s e l e c t e d  molecules from t h i s  gener ic  group make up the  major 

component of t he  i n t e r s t e l l a r  dus t .  

Useful d i scuss ions  with G .  F i e ld ,  S ,  E. Harrison,  G .  H .  Herbig, 

H .  L insch i t z ,  E.  Motz, and C ,  R .  OsDell  a r e  g r a t e f u l l y  acknowledged, 

The au ther  i s  indebted t o  D r y  G .  H .  Herbig and D r .  C ,  R.  O'Dell f o r  

sending d a t a  and copies  of t h e i r  papers p r i o r  t o  publ ica t ion .  



REFERENCES 

J. H .  O o r t ,  B u l l .  A s t r .  I n s t .  Ned IS, 45 (1960) 

W.  G l i e s e ,  Z .  As t rophys . ,  3 9 ,  1 (1956) 

G .  Herzberg ,  "Laboratory  I n v e s t i g a t i o n s  of t h e  S p e c t r a  of Ln te r -  
S t e l l a r  and Cometary Molecules ,"  Mem. L iege ,  15, 291 (1955) 

A.  McKellar ,  Publ .  Dom. Astrophys.  Obs. 1, 251 (1941) 

S .  Weiweb, A. W. B a r r e t t ,  M.  L o  Meeks, and 3 .  C .  Henry, 
Nature  200, 829 (1963) 

G .  E h r e n s t e i n ,  C .  H .  Townes, and M. J. Stevenson,  Phys. Rev. L t r s .  
3 ,  40 (1959) - 
N.  H .  D i e t e r  and W.  M .  Goss, Rev. Mod. Phys. 38, 256 (1966) 

J. L.  G r e e n s t e i n ,  " I n t e r s t e l l a r  M a t t e r , "  A s t r o p h y s i c s ,  
J .  A .  Hynek, e d . ,  McGraw-Hill (1951) 

J. Dufay, G a l a c t i c  Nebulae and I n t e r s t e l l a r  M a t t e r ,  
Hutchinson,  London (1957) 

10.  B .  Donn, "Survey of  T h e o r e t i c a l  and Exper imenta l  Research on 
I n t e r s t e l l a r  G r a i n s , "  Lowell  Obs. B u l l . ,  k ,  273 (1960) 

11. B .  Donn, Trapped R a d i c a l s  i n  As t rophys ics ,  A .  M. Bass and 
H. P. ~ r o i d a ,  e d i t o r s  (Ref.  6)  p. 347-362. (Formation and T r a p p i n g  
o f  F ree  R a d i c a l s ,  A .  M. Bass and H.P. Bro ida ,  e d i t o r s ,  Academic 
P r e s s ,  1960).  

12 .  G .  H .  Herb ig ,  "Some S p e c t r o s c o p i c  Problems of  t h e  I n t e r s t e l l a r  
Medium," J. Quant. S p e c t r .  Rad. T r a n s f e r ,  2, 529 (1963) 

13.  G. H .  H e r b i g ,  The D i f f u s e  I n t e r s t e l l a r  L ines  111: The S i t u a t i o n  
i n  1966, I A U  Symposium NO. 31. 

14.  F. M .  Johnson,  B u l l .  Am. Phys. Soc. ,  S e r i e s  11, ll, 24 (1966);  
Am. Astron.  Soc. Meeting,  Los Angeles,  C a l i f .  (Dec, 1966).  

15. J. E .  Fa l k ,  "Porphyrins and ~ e t a l l o ~ o r ~ h ~ r i n s ,  I '  E l s e v i e r  Publ.  (1964) 

16.  "Comprehensive Biochemis t ry , "  E d i t o r s  M. F l o r k i n  and E. H.  S t o t z ,  
E l s e v i e r  P u b l i s h i n g  Company (1966) 

17. R. I .  Personov,  Opt ics  and Spec. I S ,  30 (1963) 

18.  E ,  V, s h p o l ' & i i ,  Usp. F i z ,  Nauk, 7L, 215 (1960) 

19 .  H .  C .  van de  H u l s t ,  Pub l .  Royal Observatory ,  Edinburgh I V ,  13 (1964) .  

SR- X 



Figu re  3. 



F i g u r e  2 CHLOROPHYLL- b AT 77" 



DIFFUSE 

3--.A L-.J LJ K i  

-4 
W 
Q 

MAJOR INTERSTELLAR L 
h) 

0 
Do 
(d 
0 4oooA 

soooH 

NES 
LAB SPECTRA 

F i g u r e  3 .  ABSORPTION 
1 



COO c b r l v l  COOphytyl 
CHLOROPHYLL o CHLOROPHYLL b 

F i g u r e  4 .  (From "The Chlorophyl ls"  by L .  P .  Vernon and G .  R .  S e e l y )  
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TABLE 1 

INTERSTELLAR LINES 
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TABLE 2 

HYPOTHESIZED O R I G I N  OF INTERSTELLAR L I N E S  

Coincidences 
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TABLE 3 

COSMIC ABUNDANCE OF ELEMENTS 
(Log scale) 
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(Data from A l l e n )  



TABLE 4 

PROPERTIES OF 'INTERSTELLAR GRAINS 


